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The Agrotis segetum granulovirus (AgseGV) F protein was previously identiﬁed as the ﬁrst betabaculo-
virus F protein with functional homology to Autographa californica nucleopolyhedrovirus (AcMNPV)
GP64. In the current study, F proteins from Xestia c-nigrum granulovirus (XecnGV), Cydia pomonella
granulovirus (CpGV), Phthorimaea operculella granulovirus (PhopGV), Choristoneura occidentalis granu-
lovirus (ChocGV) and Plutella xylostella GV (PlxyGV) were studied for their ability to rescue the
infectivity of gp64-null AcMNPV. Our results showed that most studied betabaculovirus F proteins
could replace the function of AcMNPV GP64, however, their efﬁciencies to rescue the infectivity of
gp64-null AcMNPV were substantially different. PlxyF, although fusogenic, was the only protein that
failed to substitute the function of AcMNPV GP64. Further studies using Sf90p1D cell line showed that
PlxyF appeared to be properly incorporated into AcMNPV virions and underwent correct post-
translational cleavage and N-linked glycosylation. However, the gp64-null AcMNPV containing PlxyF
could not be propagated in either Sf9 or P. xylostella cells.
& 2012 Elsevier Inc. All rights reserved.Introduction
The Baculoviridae family is divided into four genera, alpha-,
beta-, gamma-, and delta-baculovirus, based on molecular
phylogenetic analysis (Jehle et al., 2006). The alphabaculovirus
and betabaculovirus contain lepidoperan-speciﬁc nucleopolyhe-
droviruses (NPVs) and granuloviruses (GVs), while gammabacu-
lovirus and deltabaculovirus comprise hymenopteran and
dipteran NPVs, respectively. The alphabaculoviruses are further
subdivided into group I and group II (Herniou et al., 2001; Zanotto
et al., 1993). The alpha- and beta-baculovirus are different in the
structure of their occlusion bodies (OBs), in that alphabaculo-
viruses contain large polyhedron-shaped OBs with many occluded
virions, while betabaculoviruses have granular OBs with a single
virion per OB (Funk et al., 1997).
Baculoviruses produce two infectious forms of virions: the
occlusion derived virus (ODV) and the budded virus (BV)
(Federici, 1997). ODVs are occluded in the OBs and are respon-
sible for oral infection of larvae, while BVs are responsible for the
cell-to-cell spread of the virus within the host insect. Two types of
envelope fusion proteins (EFPs), GP64 and F, are identiﬁed in BVs.
GP64 is the major EFP of group I alphabaculovirus (Blissard and
Wenz, 1992). Group II alphabaculovirus, beta- and delta-ll rights reserved.baculovirus lack a homolog of gp64 gene but contain an F homolog
in their genomes, while no GP64 or F homologs was identiﬁed in
gammabaculovirus (IJkel et al., 2000; Lauzon et al., 2006; Pearson
et al., 2000; Yin et al., 2008). EFPs play essential roles in viral
attachment to host cells, mediate membrane fusion during BV
entry, and are required for efﬁcient BV egress (Blissard and Wenz,
1992; Hefferon et al., 1999; Oomens and Blissard, 1999). Deletion of
GP64 from alphabaculovirus genome has been shown to block BV
assembly and production (Oomens and Blissard, 1999). Some group
II alphabaculovirus F proteins can compensate for the absence of
GP64, thus representing functional GP64 homologs (Long et al.,
2006; Lung et al., 2002).
Unlike alphabaculovirus, the function of betabaculovirus F
proteins was not widely studied and the results were often
contradictory. The Agrotis segetum GV (AgseGV) F protein was
identiﬁed as the ﬁrst functional GP64 homolog, however, func-
tional substitution of AcMNPV GP64 could not be carried out by
Plutella xylostella GV (PlxyGV) F protein (Lung et al., 2002; Yin
et al., 2008). In this study, F proteins from Xestia c-nigrum
granulovirus (XecnGV), Cydia pomonella granulovirus (CpGV),
Phthorimaea operculella granulovirus (PhopGV), Choristoneura
occidentalis granulovirus (ChocGV) and PlxyGV were studied
for their ability to rescue the infectivity of gp64-null AcMNPV.
Our results showed that all but PlxyGV F protein (PlxyF) could
replace the function of AcMNPV GP64 at different levels, suggest-
ing that many betabaculovirus F proteins are functional fusion
proteins.
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Generation of recombinant bacmids
Genes encoding F protein from XecnGV, CpGV, PhopGV,
ChocGV and PlxyGV were cloned and transposed into the poly-
hedrin locus of a previously constructed gp64-null AcMNPV
bacmid (Yin et al., 2008). The resulting recombinant bacmids
were designated bAcngp64-XecnF, bAcngp64-CpF, bAcngp64-
PhopF, bAcngp64-ChocF and bAcngp64-PlxyF (Fig. 1). The gene
encoding the F protein from Helicoverpa armigera singleFig. 1. Construction of recombinant bacmids expressing heterologous EFPs. Genes
under the control of the OpMNPV gp64 promoter were inserted into the att
b site in the polyhedrin locus by Tn7-mediated transposition. The designations of
recombinant bacmids are listed on the right.
Fig. 2. Transfection–infection assay of recombinant bacmids for viral propagation. DN
lipofectin reagent. At 5 days p.t., supernatants putatively containing BVs (panel a, b, c,
another 5 days respectively (panel a0 , b0, c0 , d0 , e0 , f0 , g0 , h0 and i0). GFP expression was onucleocapsid NPV (HearNPV) was used as a positive control and
a control bacmid bAcngp64-HaF was generated. Previously con-
structed bAcngp64, bAcngp64-gp64 and bAcngp64-AgseF were
also included in this study as negative and positive controls (Yin
et al., 2008). All bacmids were selected by antibiotic resistance
and the insertions of heterologous envelope protein genes were
further conﬁrmed by PCR analyses (data not shown).
All pseudotyped F proteins except that from PlxyGV could rescue the
infectivity of gp64-null AcMNPV
Using a transfection–infection assay, the effects of the gp64
deletion and F insertions were determined by ﬂuorescence
microscopy. Upon transfection of Sf9 cells with bAcngp64, many
singly infected cells were observed (Fig. 2a). Transfer of the
supernatant to untreated cells resulted in no infected cells indicat-
ing that, BVs were not produced as expected, (Fig. 2a0). As positive
controls, bAcngp64-gp64, bAcngp64-HaF and bAcngp64-AgseF
showed rescued infectivity as the supernatants of the primary
transfection (Fig. 2b–d) were able to infect Sf9 cells efﬁciently
(Fig. 2b0–d0). These results were consistent with previous studies
and demonstrated that the pseudotyping in this study is a suitable
strategy for characterizing the function of F homologs in a BV cell
culture infection model.
Transfection–infection assays of the recombinant bacmids indi-
cated that XecnF, CpF, PhopF and ChocF could rescue the infectivity
of gp64-null AcMNPV (Fig. 2e–h and e0–h0). However, no infection
was observed with gp64-null AcMNPV pseudotyped with PlxyF
(Fig. 2i and i0) and this is consistent with the previously reported
results (Lung et al., 2002).
Infectious BV production of the pseudotyped viruses
To further investigate the efﬁciency of the betabaculovirus
F proteins in rescuing gp64-null AcMNPV, BV productions of the
pseudotyped viruses were measured in parallel. At 72 h and 120 h
post infection (p.i.), the infectious virion production of gp64-nullA preparations of each recombinant bacmid were transfected into Sf9 cells using
d, e, f, g, h and i) were harvested and used to infect another batch of Sf9 cells for
bserved under ﬂuorescence microscopy at 5 days p.i.
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different with that of pseudotyped with HaF, but signiﬁcantly lower
than gp64 repaired virus (Fig. 3). The viral titers of vAcngp64-XecnF
were approximately 5–10 times lower than virus pseudotyped with
HaF at 72 h and 120 h p.i. (Fig. 3). Transfection of the recombinant
bacmids provided with ChocF or PhopF resulted in low levels of
infectious BV production. The viral titers were less than 1103 IU/ml,
a hundred times lower than titers observed with viruses pseudotyped
with either XecnF, CpF or AgseF. These results suggested that the
efﬁciencies of F proteins from different betabaculovirus to substitute
for GP64 function vary.
Incorporation of F proteins into pseudotyped virions
To investigate if the heterologous F proteins incorporated into
pseudotyped virions, BVs of vAcngp64-gp64, vAcngp64-HaF,
vAcngp64-AgseF, vAcngp64-CpF and vAcngp64-XecnF were puri-
ﬁed from supernatant of infected Sf9 cells and subjected to western
analyses. Expression of GP64 was only detected in vAcngp64-gp64Fig. 3. Infectious virion production of pseudotyped viruses vAcngp64-gp64, vAcngp64-
at a MOI of 2 TCID50 units/cell, and supernatants were collected at the indicated time po
from triplicate infections and titrations. Error bars represent standard deviation from t
Fig. 4. Western blot analyses of pseudotyped virus. (A) BVs of vAcngp64-gp64 (lane
vAcngp64-XecnF (lane 5) were puriﬁed from infected cell culture supernatant and samp
with various serum antibodies: anti-GP64, anti-HaF, anti-AgseF, anti-CpF and anti-VP3
(lane 1 and 2), vAcngp64-AgseF (lane 3 and 4) and vAcngp64-CpF (lane 5 and 6) were de
PNGase F (lanes 1, 3, and 5). Proteins were electrophoresed on 10% SDS-PAGE gels an
respectively. F0 and F1 indicate the uncleaved and cleaved forms of F proteins.but not in F protein pseudotyped viruses (Fig. 4A). The expression of
HaF, AgseF and CpF was detected using anti-HaF, anti-AgseF, and
anti-CpF antiserum, respectively, and expression of the proteins
were observed only in the respective pseudotyped viruses and had
a molecular mass as predicted (Fig. 4A). There was no antibody
available for detecting XecnF, but the absence of GP64 in
vAcngp64-XecnF was conﬁrmed (Fig. 4A; lane 5). For all F proteins,
the small N-terminal subunit F2 was not visible as the antisera used
were speciﬁc for the large membrane anchored subunit F1. The
VP39 capsid protein was included as an internal positive control for
the detection of BVs. These results conﬁrmed the lack of gp64 in
bAcngp64 and the efﬁcient expression and incorporation of hetero-
logous F proteins in the gp64-null AcMNPV pseudotyped viruses.
Glycosylation of AgseF and CpF in pseudotyped virions
The group II HaF protein has been found to be N-linked
glycosylated (Long et al., 2006). To gain further insight into the
N-linked glycosylation status of betabaculovirus F proteins,HaF, vAcngp64-AgseF, vAcngp64-CpF and vAcngp64-XecnF. Sf9 cells were infected
ints post infection and tritrated on Sf9 cells. Each data point represents the average
he mean.
1), vAcngp64-HaF (lane 2), vAcngp64-AgseF (lane 3), vAcngp64-CpF (lane 4) and
les were electrophoresed on 10% SDS-PAGE gels. Western analyses were performed
9. (B) Deglycosylation analysis of F proteins. Cell culture derived vAcngp64-HaF
natured and incubated overnight either with PNGase F (lane 2, 4 and 6) or without
d western blot was performed with anti-HaF, anti-AgseF and anti-CpF antiserum,
F. Yin et al. / Virology 436 (2013) 59–6662deglycosylation assays were performed on recombinant viruses
pseudotyped with AgseF and CpF. Denatured virions were incu-
bated with PNGase F and subjected to western analyses using
anti-AgseF and anti-CpF antiserum, respectively. Deglycosylation
of HaF from vAcngp64-HaF was used as a positive control
(Fig. 4B; lane 1 and 2). As shown in Fig. 4B, both AgseF (lane
3 and 4) and CpF (lane 5 and 6) were PNGase F sensitive. The
results demonstrated that the F proteins of the betabaculoviruses
used in this study were also N-linked glycosylated in the pseudo-
typed virions.
PlxyGV F protein could not substitute for AcMNPV GP64 in either Sf9
or P. xylostella cells
Results from this study further suggested that PlxyGV F
protein is unique since it was the only F homolog tested incapable
of rescuing gp64-null AcMNPV in Sf9 cells. One possible explana-
tion may be that PlxyF protein could not recognize their cognate
Sf9 cell receptors. To address this question, the P. xylostella cell
line which support the propagation of wild-type AcMNPV was
used to assess the infectivity of vAcngp64-PlxyF. Direct infection
of P. xylostella cell line with vAcngp64-PlxyF failed to show anyFig. 5. A. Infection of the P. xylostella cell line with vAcngp64-PlxyF. bAcngp64-PlxyF w
p.t. supernatant was collected. The supernatant was used for the ﬁrst round infection o
cells (panel b) was collected and used for the second round infection of untreated P. xyl
for the two round of infections in parallel as a positive control (panel e and f). (B) W
Sf9Op1D cells (lane 1) with anti-PlxyF antiserum. Virion particles of vAcngp64-gp64 pur
Anti-GP64 and anti-VP39 antibody were used as internal controls (lower panel). (C) W
status of PlxyF incorporated in vAcngp64-PlxyF virions generated from Sf9Op1D cells. BV
2) or deglycosylated (lane 3) and then separated by SDS-PAGE, and ﬁnally detected bysignals of infection (data not shown). Therefore, bAcngp64-PlxyF
was ﬁrst transfected into Sf9Op1D cells (Lung et al., 2002; Plonsky
et al., 1999) which stably express OpMNPV GP64 to generate an
infectious progeny virus. Cells with ﬂuorescence were observed
5 days post-transfection (p.t.), indicating that vAcngp64-PlxyF
was propagated in Sf9Op1D cells and generated infectious progeny
in the presence of OpMNPV GP64 (Fig. 5A; panel a). Supernatant
from transfected Sf9Op1D cells were collected and used to infect P.
xylostella cells. In the ﬁrst round of infection, virions could enter
into P. xylostella cells with the help of OpMNPV GP64 (Fig. 5A;
panel b). Supernatant of the ﬁrst round of infection was collected
for the second round of infection to fresh P. xylostella cells. Unlike
vAcngp64-gp64 (Fig. 5A; panel d–f) which showed positive
signals in both the ﬁrst and the second rounds of infection, no
infection signal was observed in the second round infection with
vAcngp64-PlxyF (Fig. 5A; panel c), demonstrating that PlxyF
protein cannot substitute for the AcMNPV GP64 function in
P. xylostella cells.
To determine the expression and incorporation of PlxyF in
pseudotyped virus, vAcngp64-PlxyF virion particles puriﬁed from
the supernatant of infected Sf9Op1D cells were analyzed by
western analyses. Using antibodies speciﬁc for PlxyF, a 51 kDaas transfected into Sf9Op1D cells expressing OpMNPV GP64 (panel a) and At 5 days
f P. xylostella cells (panel b). At 6 days p.i., supernatant of the infected P. xylostella
ostella cells (panel c). vAcngp64-gp64 cultured from transfected Sf9 cells was used
estern blot detection of PlxyF expression in vAcngp64-PlxyF virions generated in
iﬁed from infected Sf9 cells were analyzed in parallel as negative control (lane 2).
estern blot analysis of the post-translational cleavage and N-linked glycosylation
proteins were denatured under reducing (lane 1) or nonreducing conditions (lane
using anti-PlxyF antiserum.
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the predicted size of the membrane anchored subunit PlxyF1
(Fig. 5B, lane 1). This band was absent in lane with proteins
from vAcngp64-gp64 BVs (Fig. 5B, lane 2). GP64 and VP39 were
readily detected in these virions and served as internal controls
(Fig. 5B). The vAcngp64-PlxyF was further analyzed for the post-
translational cleavage and glycosylation status of PlxyF.
BV proteins were denatured under reducing or nonreducing
conditions or deglycosylated and then separated by SDS-PAGE,
and ﬁnally detected by western analyses using anti-PlxyF anti-
serum. Under nonreducing conditions, in which the disulﬁde
bonds were not disrupted, a single band with a molecular weight
of about 60 kDa was detected which correspond to the molecular
weight of PlxyF (Fig. 5C, lane 2). The deglycosylation treatment of
vAcngp64-PlxyF resulted in a lower band (Fig. 5C, lane 3)
compared to the untreated sample (Fig. 5C, lane 1). These results
indicated that PlxyF was expressed and incorporated into gp64-
null AcMNPV virions, and it underwent post-translational clea-
vage and N-linked glycosylation.Fig. 6. Schematic diagram of the structure of representative betabaculovirus
F proteins and alphabaculovirus F proteins. The predicted furin cleavage site
(vertical arrow). SP (signal peptide), FP (fusion peptide), TMD (transmembrane
domain), HR (heptad repeat), CTD (cytoplasmic tail domain) were indicated.Discussion
Two distinct types of EFPs have been identiﬁed in baculo-
viruses. GP64 homologs exist only in group I alphabaculovirus
and are closely related with over 74% identity in amino acid
sequence (Pearson et al., 2000). Homologs of F protein are widely
spread in group II alphabaculovirus, beta- and delta-baculovirus
and share similarity in structure but low identity in amino acid
sequences (20–41% identity) (Rohrmann and Karplus, 2001).
It has been suggested that F protein was the ancestral EFP and
gp64 was captured later which enhanced the evolution of group I
alphabaculovirus (Jiang et al., 2009; Pearson et al., 2000). Pre-
viously it was shown that AgseF protein can substitute GP64
function in AcMNPV pseudotyping system, but PlxyF protein
could not (Lung et al., 2002; Yin et al., 2008). In this study we
showed that ﬁve (including AgseF) of the six examined betaba-
culovirus F proteins could rescue gp64-null AcMNPV, but with
different efﬁciencies. The only exception was PlxyF which failed
to rescue the infectivity of gp64-null AcMNPV.
The results obtained in this study for betabaculoviruses were
different from that of group II alphabaculovirus. Lung et al. (2002)
had shown that F proteins from HearNPV, Spodoptera exigua
multicapsid nucleopolyhedrovirus (SeMNPV) and Lymantria dispar
multiple nucleopolyhedrovirus (LdMNPV) could all rescue the
infection of gp64-null AcMNPV with relatively high efﬁciency
(Long et al., 2006; Lung et al., 2002). Phylogenetic analysis based
on 30 core genes show that group I alphabaculovirus is more
closely related to group II alphabaculovirus than to betabaculo-
virus (Jehle et al., 2006). The greater evolutionary distance of
betabaculovirus to AcMNPV in comparison to that of group II
alphabaculovirus might result in the different substitution efﬁ-
ciency observed in this study. However, further phylogenetic
analysis of F homologs did not reveal obvious relatedness betweenTable 1
The pathology of betabaculoviruses tested in this study.
Host insect Tissue tropism (GV typ
AgseGV Noctuidae Most tissues (2)
XecnGV Noctuidae Midgut and fat body (1)
ChocGV Tortricidae Unknown
CpGV Tortricidae Most tissues (2)
PlxyGV Yponomeutidae Most tissues (2)
PhopGV Gelechiidae Unknownevolutionary distance and the substitution efﬁciency among beta-
baculoviruses (data not shown).
Betabaculoviruses can be divided into three types based on
tissue tropism: the infection of type 1 betabaculovirus occurs only
in the midgut epithelium and fat body; the tissue tropism of type
2 is similar to typical alphabaculovirus involving most tissues of
the insect host; type 3 betabaculovirus shows stringent tissue
tropism and the infection was restricted to the midgut epithelium
(Federici, 1997). The possibility exists that the efﬁciency of
F proteins to substitute for the AcMNPV GP64 function is related
to the pathogenicity of the betabaculovirus. To address this
question the pathogenic information of the betabaculoviruses
was summarized. As shown in Table 1, the ability of betabaculo-
virus F proteins to complement for AcMNPV GP64 was not
obviously related to either the family of the host insect or the
tissue tropism of the virus.
PlxyGV F is so far the only betabaculovirus F protein char-
acterized that is unable to rescue gp64-null AcMNPV. PlxyGV is
pathogenic for larvae of the diamondback moth, P. xylostella.
As PlxyGV infects most tissues of the host insect upon oral
infection (Hashimoto et al., 2000, 1996), it likely holds a func-
tional EFP. Computational analysis did not reveal obvious struc-
tural differences between PlxyF and other lepidopteran
baculovius F proteins although PlxyF (544 residues) is relatively
shorter than other F proteins analyzed (Fig. 6). Low pH-dependent
fusion was also observed when Sf9 cells were transfected with
plasmid carrying the PlxyF gene (data not shown) conﬁrming that
PlxyF is a low pH-dependent membrane fusion protein and that
the protein alone was sufﬁcient to mediate pH-dependent mem-
brane fusion. It has been reported that although PlxyF was
expressed, it was unable to substitute for the function of GP64
in Sf9 cells (Lung et al., 2002). In this study we further demon-
strated that PlxyGV F could not rescue gp64-null AcMNPV in P.
xylostella cells, even when the protein was incorporated in
AcMNPV virions and underwent post-translational cleavage and
N-linked glycosylation (Fig. 5 B and C). The reason why PlxyFe) References
(Shi et al., 1983; Xu et al., 1982; Yin et al., 2008)
(Federici, 1997; Goto et al., 1985; Luque et al., 2001)
(Arends et al., 2005; Escasa et al., 2006; Federici, 1997)
(Luque et al., 2001)
(Hashimoto et al., 2000, 1996)
(Taha et al., 2000)
F. Yin et al. / Virology 436 (2013) 59–6664could not rescue gp64-null AcMNPV is unclear and another
system may be required to study the function of PlxyF such as
the construction of a PlxyGV bacmid and PlxyF null and rescue
mutants.
The data presented in this report demonstrated that many
betabaculovirus F proteins are AcMNPV GP64 functional analogs,
although their abilities to rescue the infectivity of gp64-null
AcMNPV were different. Therefore, it is suggested that most if not
all F proteins from lepidopteran baculovirus are functional EFPs. To
date, PlxyGV F protein is the only lepidopteran baculovirus F protein
of all tested, that is incapable of rescuing gp64-null AcMNPV.Materials and methods
Insect cells and viruses
The Sf9, Sf9Op1D (Lung et al., 2002; Plonsky et al., 1999) and
P. xylostella cells (kindly provided by Dr. Lulin Li, HuaZhong
Normal University, Wuhan, China) were cultured at 27 1C in
plastic tissue culture ﬂasks (Nunc) in Grace’s complete medium
(Gibco-BRL) supplemented with 10% fetal bovine serum (FBS). The
PhopGV OBs were kindly provided by Dr. A. Taha (Entomovirology
Laboratory, ORSTOM, Giza, Cairo, Egypt), XecnGV by Dr. Ch. Goto
(Insect Pest Management Research Team, National Agricultural
Research Center, Tsukuba, Japan), ChocGV by Dr. Basil M. Arif
(Laboratory for Molecular Virology, Great Lakes Forestry Centre,
Canada), and CpGV and PlxyGV by Dr. Xiulian Sun (Wuhan
Institute of Virology, China Academy of Science). Extraction of viral
genomic DNA from OBs was performed following the method
reported by Escasa et al. (2006).
Construction of recombinant bacmids
Donor plasmids were generated for inserting heterologous
betabaculovirus F protein genes into gp64-null AcMNPV bacmid
(Yin et al., 2008). F protein genes of XecnGV, CpGV, PhopGV,
ChocGV and PlxyGV were PCR ampliﬁed with respective primers
shown in Table S1 in Appendix. Pyrobest DNA Polymerase (Takara)
was used for the ampliﬁcation and viral genomic DNA was used as
template. PCR products were gel puriﬁed and cloned into pGEM-T
Easy vector (Promega). Following sequence conﬁrmation, the
F gene fragments were digested with restriction enzyme designed
in primers and cloned into previously constructed pFastBac1-Op166
(Wang et al., 2008; Yin et al., 2008) to generate pFastBac1-Op166-
XecnF, pFastBac1-Op166-CpF, pFastBac1-Op166-PhopF, pFastBac1-
Op166-ChocF and pFastBac1-Op166-PlxyF. The F genes under the
control of OpMNPV gp64 promoter (Op166) were transposed into
gp64-null AcMNPV bacmid (Yin et al., 2008) by Tn7-mediated
transposition according to the Bac-to-Bac Baculovirus Expression
Systems manual (Life Technologies). The donor plasmid, pFastBac1-
Op166-HaF (Wang et al., 2008), containing HaF gene under the
control of the Op166 promoter, was also transposed into a gp64-null
AcMNPV bacmid to serve as a positive control. ‘Positive’ bacmids
were selected by kanamycin, tetracycline and gentamicin resistance,
blue-white screening and further conﬁrmed by PCR analysis with
M13 primers (Table S1 in Appendix).
Transfection and infection assay
3 mg DNA preparations of recombinant gp64-null AcMNPV
bacmids inserted with the coding region of a heterologous EFP
and the bAcngp64 bacmid (negative control) were transfected
into 9.0105 Sf9 cells using 12 ml of Lipofectin reagent (Invitro-
gen) according to the manufacturer’s instruction. At 5 days p.t.
supernatants were harvested. After centrifugation at 2000 g for5 min, 0.5 ml of the supernatant was used to infect another batch
of Sf9 cells. The infected cells was examined using ﬂuorescence
microscopy at 5 days p.i. For BV ampliﬁcation, 1.0107 Sf9 cells
were infected with recombinant viruses at a MOI of 0.1 TCID50
units/cell and the supernatant was collected at 5 days p.i.
Analysis of BV production titer
5105 Sf9 cells were seeded into 35 mm polystyrene Petri
dishes and were infected 2 h later with either vAcngp64-gp64,
vAcngp64-HaF, vAcngp64-AgseF, vAcngp64-CpF or vAcngp64-XecnF
at a MOI of 2 TCID50 units/cell for 2 h at 28 1C. Cells were washed
three times with Grace’s medium without FBS, then 2ml of fresh
Grace’s medium (supplemented with 10% FBS) added upon which
the cells were incubated at 28 1C. Supernatants were harvested at
0 h, 72 h and 120 h p.i. and BV yields were determined by end point
dilution assays using Sf9 cells. Each of the infections was performed
in triplicate and BV titers were analyzed using one-way ANOVA
(SPSS Inc., 2003) with virus type as factor.
Deglycosylation assay, antibodies and western blot analysis
BVs used for deglycosylation experiments and immunoblot
analysis were obtained from infected cell culture supernatants by
ultracentrifugation at 4 1C through a 25% sucrose cushion in PBS
(Long et al., 2006). For deglycosylation, BVs were denatured by
boiling for 5 min in glycoprotein denaturing buffer (0.5% SDS,
40 mM DTT). Denatured samples were incubated overnight in
PNGase F G7 buffer (50 mM Sodium Phosphate, pH 7.5) and 1%
NP40 containing 1 U PNGase F (NEB). Deglycosylated BV proteins
were separated by SDS-PAGE and subjected to western analysis.
Antibodies against VP39 (Wu et al., 2006), GP64 and AgseF (Yin
et al., 2008), and HaF (Wang et al., 2008) were previously generated
in our laboratory and used for western blot analyses. Anti-CpF and
anti-Plxy F were generated in this study as following: truncated CpF
fragment (541–1437 nt) and PlxyF fragment (448–1410 nt) were
PCR ampliﬁed with primers anti-CpF f/ anti-CpF r and anti-PlxyF f/
anti-PlxyF r (Table S1). The truncated open reading frames were
cloned into pET-28a(þ) expression vector (Novagen) and expressed
as His-tag fused proteins in Escherichia coli BL21 cells. The recom-
binant protein His-CpF and His-PlxyF were puriﬁed and used for
rabbit immunizations to generate polyclonal anti-CpF and anti-
PlxyF antiserum following the method reported by Wang et al.
(2008).
For western blot analysis, samples were disrupted in Laemmli
buffer for electrophoresis under reducing condition or in 10mM
Tris–HCl (pH 6.8), 0.5% SDS, 10% glycerol, 50 mM iodoacetamide and
0.001% bromophenol blue for nonreducing condition, electrophor-
esed in 10% SDS-PAGE gels, and electroblotted onto Immobilon-P
membranes (Millipore). Western analysis was performed with
various serum antibodies: anti-GP64 (diluted 1:2000), anti-HaF
(diluted 1:1000), anti-AgseF (diluted 1:500), anti-CpF (diluted
1:1000), anti-VP39 (diluted 1:1000) and anti-PlxyF (diluted 1:500).
Detection of antibody binding was visualized by alkaline
phosphatase-conjugated goat anti-rabbit secondary antibodies
(NovoGene Biosciences) and signals were detected with NBT/BCIP.
Infection of P. xylostella cells with vAcngp64-PlxyF
3 mg bacmid DNA of bAcngp64-PlxyF was transfected into
Sf9Op1D cells as described above. At 5 days p.t., 0.5 ml clariﬁed
supernatant was used to infect P. xylostella cells and at 6 days p.i.
0.5 ml supernatant collected from infected P. xylostella cells
was used to infect another batch of fresh P. xylostella cells.
vAcngp64-gp64 harvested from transfected Sf9 cells served as
positive control.
Fig. A1. Syncytia formation assay of Sf9 cells mediated by baculovirus envelope fusion protein. Cells were transfected with plasmids. A: p166AcV5-PlxyF, B: p166AcV5-
AgseF, C: p166AcV5-gp64; D: negative control p166BRNX-AcV5 (negative control). At 48 h p.t., cells were treated with low pH (pH 4.8) Grace’s medium for 10 min.
Syncytium formation was observed by light microscopy 1 h after the low pH treatment. The arrows indicate the multinucleate cells.
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